Introduction:
Increasing salinity issues caused by insufficient precipitation, drought, and increasing use of alternative non-potable sources of irrigation water are inevitable for turf and landscape plants in the southwestern United States. Modification of soil physicochemical properties that result from salinity is one means of alleviating plant salinity stress. Moreover, there is a growing movement toward use of "organic", microbial, or other products for purposes of improving plant health under salinity stress. Overall, turf managers are inundated with a plethora of salinity alleviation products, many of which have not been tested under non-biased, replicated experiments on turf. The objective of this study was to evaluate nine commercial and experimental products for alleviating soil salinity and stress on bermudagrass turf irrigated with saline water.
Materials and Methods:
The plot area was sodded with 'Tifway II' bermudagrass in August 2012 on a Hanford fine sandy loam with no pre-existing salinity issues. Turf was irrigated with Toro 300 series pop-up stream sprinklers (Toro Company, Bloomington, MN) on 30-ft spacing. Saline water was made by mixing salts in potable water within two 5000-gal storage tanks (Snyder Industries, Inc., Lincoln, NE) containing submersible pumps for mixing and agitation. Saline water ion composition was based on Colorado River water (personal communication, D.L. Suarez, USDA-ARS Salinity Laboratory) and contained elevated concentrations of salts including Na + , Cl -, and SO4 2-but not HCO3 -and CO3 2- (Table 1) . Total salinity of the water was chosen to simulate an extreme, but realistic irrigation salinity for turf in California (personal communication, M. Huck). For the past three years, the plot area was irrigated from approximately May until November with saline water. Nevertheless, the combination of natural rainfall and cessation of saline irrigation during the winter lowered soil salinity in the study area, ensuring that no differences in soil chemical properties were found at the beginning of each study year. Environmental data for the site are provided in Table 2 . The turf was mowed three times per week at 0.5 inches during the growing season, verticut in May 2016 and received 0.5 lbs N/M/month during each growing season for a total of 5 lbs N/M/yr using either urea, ammonium sulfate, or a complete granular fertilizer.
All treatments were applied initially on 26 May 2016 using a calibrated CO2 boom sprayer at 2 gal/M. Plots were irrigated with ca. 1/4 in of water following application. Treatments were arranged in a complete randomized block design with 6 replicates. Plot size was 24 ft 2 . List of treatments is provided in Table 3 . Every two weeks, plots were evaluated for turf quality on a scale from 1 = worst to 9 = best, leaf firing (0-100%), volumetric soil water content (VWC) using time domain reflectometry (TDR), and Naturalized Difference Vegetation Index (NDVI) and Dark Green Color Index (DGCI) using Digital Image Analysis (DIA). Leachate (3 replicates/treatment; Figure 1 ) was also collected and analyzed for electrical conductivity (ECL) on the same day. During rating weeks, irrigation scheduling included the night before collection of leachate samples. Soil samples were collected at the end of bermudagrass growing season (November 4) separately for each combination of chemical treatment and replication to assess salinity (Ag Source Labs, Lincoln, NE) accumulation in the root zone.
Data were subjected to analysis of variance (ANOVA). When necessary, multiple comparisons of means were assessed using Fisher's protected least significant difference test at the 0.05 probability level. Each graphical output is presented and discussed only when the chemical amendment effect was significant during one or more rating dates.
Results:
 Salinity symptoms during 2016 were not visible on bermudagrass; hence, visual ratings never dropped below an acceptable quality level of 6 even on untreated plots (Figure 2 ). Turf quality was increased by two treatments only: UCR001 applied at two-wk intervals and the Ocean Organics program.  Visual quality results were corroborated by remote sensing data. Together with Go Isolates, UCR001 improved DGCI of the plots regardless of its application intervals (Figure 3) , and increased green cover of the plots in comparison to control when applied every two weeks (Figure 4) . The Ocean Organics program increased NDVI in comparison to control consistently through the study ( Figure 5 ).  No differences were found in ECL among treatments throughout the study.  The Ocean Organics program decreased ECe by the end of the study (Table 4) . Although no statistical differences were found in soil SAR and Na + content by the end of the study, the Ocean Organics program showed the lowest numerical values, followed by the Lidochem program and gypsum applied at 10 lb/M. 
